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1 INTRODUCTION 





| | History of the Project 





The International Energy Agency is an autonomous body established 
in November 1974 within the framework of the Organisation for 
Economic Cooperation and Development (OECD). Nineteen of the 
OECD's twenty-four member countries participate in the IEA*, and 
the Commission of the European Communities takes part by special 
arrangement. 


The IEA has been established to implement the International Energy 
Program (IEP) adopted by the participating countries on 18th 
Nuvember, 1974, the basic objectives of which being: (i) to take 
measures to meet oil supply emergencies; (ii) to reduce dependence 


on imported oil by undertaking iong-term cooperative efforts on con- 


servation of energy, on accelerated development of alternative 
sources Of energy and on research, development and demonstration 
in the energy field; (iii) to promote cooperative relations with 
oil-producing countries and other oil-consuming countries, includ- 
ing those of the developing world, through a purposeful dialogue. 
Within the context of the Agency's long term cooperation programme, 
the participating countries have agreed to carry out national pro- 
grammes of energy research, development and demonstration, and as 
may be agreed between some or all of them, to undertake cooperative 
activities including jointly financed programmes and projects in 
energy research and development. 


In further support of this cooperation, the participating countries 
have agreed to develop and implement an appropriate strategy for 
research and development. This strategy will be closely linked to 
and coordinated with the other parts of the Agency's long term 





*IEA member countries: Austria, Belgium, Canada, Dermark, Germany, Greece, 
Ireland, Italy, Japan, Luxembourg, Netherlands, New Zealand, Spain, Sweden, 
Switzerland, Turkey, United Kingdom, United States. 

(Note: in 1979 the IEA membership was increased to twenty countries with the 
admission of Australia.) 
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programme. It will identify major new energy sources and conser- 
vation possibilities; their potential energy contribution and 
probable time scale of commercial implementation, and define 
technological options; and will identify possible new areas of 


fruitful cooperation. ® 


In April 1976, the Committee on Energy Research and Development 
(CRD) P) which is responsible for the IEA's cooperative RD&D 


ያ 


efforts, established a systems analysis project whose primary 
objective was to evaluate new energy technologies and thereby 


in the formulation of an IEA RD&D strategy. A Steering 


assist 
pating IEA member 


Group”), consisting of delegates from the partici 
af was organised to set objectives and guide the work 


Phase I of this project ወሻ | ዘክ in March 
2 


countries 


pian of the project. 
1977, and the results of the work were documented. 


Phase II of the project, which is the subject of this report, 
began on April ist, 1977 and ended in March, 1980. During this 
phase of the work, a computer model, MARKAL, was develoved which 
allowed an evaluation of the potential impact of new technologies 
in competition with each other and with existing technologies 


under conditions related to various policy and physical constraints 


(scenarios). MARKAL is a flexible multi-period linear programming 


model which is capable of describing the time evolution of widely 


diverse energy systems under a variety of constraints and objec- 


tive functions. 





a) Research, Deve 
Quoted fran: International Energy Agency, 
Demonstration ame of the IEA, May 1977, OECD, 2, rue 
75775 Paris, Cedex 16, France. 


b) m 1976 Dr. W. Schmidt-Kuster was Chairman of CRD. 


c) Chairman of the Steering Group fran 1976 until 
Dr. Roger LeGassie served as 
November 1978, when he was sucœeded by Dr. Richard H. Williamson. 


d) parti included tria Belgi Canada, Denmark, Germany, Ireland, 
ts Aus , un, 7 
-ሙጫ “ሙ Netherlands, New Zealand, Norway, Spal 1, Sweden, Switzerland, 
United Kingdom, United States and the CEC. 


Analysis Project, An Initial Multi-National Study of 
and Impacts of Sane Evolving Technologies, prepared 
taffs at Brockhaven National Laboratory and Kern- 
BNL-50641/Jü1-1406, March 25th, 1977. 


ጅ 


e) IFA Energy Systems 


W የም" s = 
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By the end of 1979, fifteen countries had completed analyses of 
9 to 16 scenarios using the MARKAL model. These results are 
summarised in the Phase II final reports of the individual coun- 
tries. This is one such report. 


It should be noted that there are two versions of MARKAL, the BNL 
and the KFA version. These were necessary because of the differ- 
ent computer hardware and software systems at the two laboratories. 
Users’ guides for each version have been published) 9) . Although 
the two versions differ in computer programming detail, they have 
the same structure and, in principle, perform identical calcula- 
tions. An effort will be made in the future to reconcile tne 
minor differences which remain and to standardise the input for- 


mats and the output reports. 


A major part of the project effort has been devoted to the quan- 
titative descriptions of existing and new technologies. This data 
serves as input to the model. In particular, the new technologies 
in the supply sector have been subjected to extensive detailed 
review by the project staff and experts from industry and govern- 
ment institutions of the participating countries. For many tech- 
nologies a standard set cf reference values which characterise the 
technology have been adopted. Individual countries have modified 
the reference values in order to account for local conditions, e.g. 
labour costs and other economic factors, geographical factors, and 
specific national standard for environmental protection and public 
safety. The reference data and the data used by individual coun- 
tries has been documented. 


The development of MARKAL, the technology characterisations, and 


the analytical studies are the result of an international collabora- 


tion which has involved approximately 50 people from the 16 parti- 
cipating countries and the CEC. 








Da. Abilock and L. Fishbone, Users' Guide for MARKAL (BNL Version), BNL 


December 3lst, 1979 





"ዴራ cm. H.A. Hymmen, K. Leimkthler, Users' Guide for MARKAL (KFA Version), 








1.2 Objectives له‎ 


The main aim of the 
Development and Den 
of the project is : 
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- To identify non-technology policy issues which could ham- 
: the Project | per the introduction of promising technological options. 
> project is to develop an overall IEA Research, “he main purpose of this report is to provide the IEA Steering 
ionstration (RD&D) strategy. The organisation | Group and the Spanish authorities with information about the 
shown in Figure 1. ۱ Spanish energy system and the potential role of new technologies 


within it. 
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e l: Organisation of the Project 
f the IEA RD&D strategy are: 


h estimates and targets for the potential con- 
f individual new and improved technologies, 


account their performances, costs and energy 
n. 


h a base for an effective linkage between 
&D strategies, and 








MICROCOPY RESOLUTION TEST CHART 


NATIONAL BUREAU OF STANDARDS A ۱ ደር 
STANDARD REFERENCE MATERIAL 10108 | | U | 
(ANSI and ISO TEST CHART No. 2) | : 
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TABLE 1. MARKAL CODES 
2.2 The MARKAL Energy System corresponding technical, economic and environmental data (1) must 
3 be specified for each technology. The possibilities for imports ۱ DEMAND DEVICES 
2. THE MARKAL MODEL and exports of im 1 
The model simulates the flow of energy from the primary energy PO 05 Primary energy are also shown. | IlY IRON STEEL PROD NC 
1 OEY carriers, through transformation systems, to the demand devices | U I17 یت‎ STEEL PROD G2 
ሞም ፎ Gy which satisfy the specified demands. The MARKAL codes used are listed and explained in Table 1. * "رو ود د‎ 
i ted with IX3 OTHER INDUSTRIAL D 
CS — ee 35 UMO SET US vem cope MARK 2.3 Examples of Inputs and Ou IX6 OTHER INDUSTRIAL D 
: ۱ ۱ ° tputs 
the KFA version of the time-dependent linear programming model The energy system which AL represents is shown in F igure 2. Ë EZ š IX7 OTHER INDUSTRIAL G 
MARKAL Since the model was developed mainly to evaluate the ۱ 1X1 OTHER INDUSTRIAL E 
° | ' ለህለ pete, it ስስ Figure 3 shows the model inputs and outputs. It is necessary to v > ae د‎ 22 ዘር 
5 on nation i 
possible impacts of new و‎ e ^ ihe specify the following inputs: ጠይ) SP ET STOW ELO (ሺክ 
flexible in structure and it is therefore possible to apply | ۱ | | R23 SP HT SFDW OIL 
model to a large variety of scenarios or cases. i | R27 SP HT SFDW GAS 
TRANSFORMAT | ON UTILISATION R2A SP HT SFDW ELC HEA 
| TRANSPORTAT ION DEVICE R2B SP HT SFDW GAS HEA 
MARKAL determines the optimum structure of the energy ws. over | DISTRIBUTION | ۱ ۱ MARKAL MODEL | D 2 - — > e 
the whole time span considered, dependent on a given objective 8 ۹ 22۳ SP HT SFDW AND Ww 
function (generally the total discounted cycle in cost) and exogen CHARACTERIZATION R2Y SP HT SFDW EXISTIN 
ifi as | . The latter includes availability ‘ R51 WW ALL ELECTRIC 
ከክ ጠል. ss 9 ظ‎ HARD COAL REF INERY OIL PRODUCTS BURNER MECHANICAL. ENERGY | EE R53 = می‎ ው 
of resources, costs and energy demands. CRUDE OIL POWER STATION COKE ELECTRIC MOTOR SPACE HEAT MARKET ALLOCATION R57 WW ALL GAS 
NATURAL GAS DISTRICT HEATING ELE “TRICITY OVEN PROCESS HEAT “OF TECHNOLOG IES x E RESOU! | ፳55 WW Mn " 
۱ i ; ١ ih. | NUCLEAR HARU COAL etc. etc. | AVAILABILITY RSG WW 01 
It is only possible to obtain feasible solutions if all end-use š : — Em Ves DISTRICT HEAT (MARKAL MODEL ) | እ ws | ፳5፪ WW BACK UP AS 
۳ i time period. | ۱ | RSI WW ALL OIL AND ELC 
demands specified by the user can be satisfied -—— P dia. etc. : INSTALL ED CAPACITIES RSE * ELO 
The duration and number of time periods are specified by the user, | OF TECHNOLOGIES “ኀ ፳5ኛ WW ALL EXIST MIX 
although in the IEA Systems Analysis Project nine five-year periods - ENERGY FLOWS CONSTRAINTS ON GROWTH | RDY RES AND COMM OTHER 
۳ notes The time periods - TOTAL COSTS AND IMPLEMENTATION LEVEL, RTO SP HT MFDW AND COMI 
were considered by all participating countries. 5 5 - TOTAL EMISSIONS ۱ OF TECHNOLOGIES | ۱ RTI SP HT MFDW AND COMI 
are centred at 1980, 1985, ...., 2020, covering a time span of 45 | “gure 2: MARKAL Energy System - RESOURCE See RT3 SP HT MFDW AND COMI 
۹ MFD 
years. I£ an optimal solution is obtained, its structure depends ۱ 1 ٢ | cope B E +. ካዘ — و‎ J— 
cn the objective function used, the technological and economic The circles show the different categories of energy considered: AND PORTS . RTB ` MFDW AND COM! 
data supplied by the user and the constraints considered. These primary energy, final energy and useful energy. Only final and SHADOW PRICES ۱ + — — 
items will be explained in more detail in the following parts of primary energy can be imported or exported. Primary energy is دوم‎ 1 AANSPORT DIE: 
N available from either domestic production or imports. The changes | TSF TRANSPORT GAS( 
this report. € d TXY AIR AND SHIP * 
rom one category to another are shown by rectangles; the left T8V aD TRANSPORT HYD] 
The size of the Spanish model is at present approximately 1700 rows One shows the conversion from primary to final energy and the n 
| ۱ ۱ D S TOR 
and 3700 variables. The flexibilitiy of the model structure allows right one from final to useful energy. The corresponding losses | — Sus 
the user to alter readily the structure and aggregation of the ۱ resulting from both transformationsare also shown. There are also Il IRON AND STEEL ۲ 
i i 5 l ۱ IX OTHER INDUSTRIES (AI 
demand sectors and also the number and type of technologies. "31 transport and distribution losses which must be considered. For | NY ‘NON ENERGY USES ١ 
i the conversion from primary to final ener , the conversi i ; 2 
| ሰ د دد‎ E 4 ۱ gy | " ion — Figure 3: The MARKAL Model E uus cns E 8. 
The development time for the KFA version of MARKAL has been approx- en tig اق سس‎ 9 ma ሮም plants, district heating | RD LIGHTING AND APPLIA 
f ۱ ue à; ፡ s already 7 gasification plants, coke ovens, etc. Burners, elec- RT RESIDENCIAL MFDW AN 
imately 1,5 years, and the corresponding documentation has already ۱ 7 | | | ۱ 
وسن سو‎ tom, انیت‎ al m a» 21. tric motors, ovens, etc. convert final to useful energy. The (1) The work plan has not allowed for the inclusion of environmental data in 58 ROAD TRANSPORT 


the model. 1 f TX RAIL AIR AND SHIP 7 











IN SUBST MIX 
S BURNER 

H BURNER 
CO BURNERS 
SL BURNERS 
SH BURNERS 
AS BURNERS 
LC MIX 


RAGE 
ESTRICTED 


T PUMP 
T PUMP 


BACK UP OIL 
BACK UP GAS 
G MIX 


USE 

M ELC SOTORAGE 

M ELC UNRESTRICTED 
M OIL 

M GAS 

M ELECTRIC HEAT PUMP 
M GAS HEAT PUMP 

4 EXIST MIX 

"TRIC 

SEL 

)LINE 
"RANSPORT MIX 
ROGEN 


'UCTION 
,L EXCEPT I1) 


[EAT SFDW 

5 

NCES ALL USERS 

ID COMMERCIAL SPACE HEAT 


'RANSPORT 


=1 ()- 


TABLE 1. MARKAL CODES. (Continued) 


PROCESSES 


HARD COAL LURGI GASIFICATION 

HARD COAL TO MEDIUM BTU GAS 

HARD COAL TO METHANOL 

COKE OWEN 

DISTILLATION OF CRUDE OIL 

HYDROCRACKING OF HEAVY DISTILLATE OIL 
CATALYTIC CRACKING OF LIGHT DISTILLATE OIL 
ENR OF URN AND FABR OF LWR FUEL 

ENR AND FABR OF HTR FUEL FOR URN/THO CYCLE 
ENR AND FABR OF HTR FUEL FOR U35/THO CYCLE 
FABR OF LMFBR FUEL FROM PLU AND UDP 
REPROCESSING OF LWR SPENT FUEL 
REPROCESSING OF LMFBR SPENT FUEL 

REPR OF HTR SPENT FUEL FROM URN/THO CYCLE 
REPR OF HTR SPENT FUEL FROM U35/THO CYCLE 
HARD COAL NUCLEAR HYDROGASIFICATION 

HARD COAL NUCLEAR STEAM GASIFICATION PLANT 
HARD COAL LIQUEFACTION/HYDROGENATION 

HARD COAL LIQUEFACTION FISCHER/TROPSCh 
BROWN COAL LURGI GASFICATION 

BROWN COAL NUCLEAR HYDROGASFICATION 
VIRTUAL PROCESS,METHANOL INTO GASOLINE 
VIRTUAL PROCESS,DSH TO POWER STATION FUEL 
VIRTUAL PROCESS,DSL TO GAS TURBINE FUEL 
VIRTUAL PROCESS,GAS TO GAS TURBINE FUEL 
VIRTUAL PROCESS,HCO TO POWER STATION FUEL 
VIRTUAL PROCESS,PFG TO POWER STATION FUEL 
VIRTUAL PROCESS, HYDROGEN TO GAS 

VIRTUAL PROCESS,HTR FUEL USE FOR URN/THO CYCLE 
VIRTUAL PROCESS,HTR FUEL USE FOR U35/THO CYCLE 
HYDROGEN PRODUCTION FROM WATER ELECTROLYSIS 


GENERATION OF ELECTRICITY 


HARD COAL POWER PLANT 

BROWN COAL POWER PLANT 

HARD COAL COMBINED CYCLE POWER PLANT 
IN SITU COAL GASIFICATION FOR ELECTRICITY 
MIXED OIL AND GAS STEAM ELECTRIC 
MIXED OIL AND GAS TURBINE 

LWR NUCLEAR POWER PLANT 

HTR NUCLEAR POWER PLANT 

LMFBR NUCLEAR POWER PLANT 

FUSION ELECTRIC POWER PLANT 
CONVENTIONAL HYDROELECTRIC POWER PLANT 
WIND ELECTRIC POWER PLANT 

GAS FUEL CELL ELECTRIC 

DISPERSED SOLAR PHOTOELECTRIC 

CENTRAL SOLAR THERMAL ELECTRIC 
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MINHCO 
MINBCO 
MINOIL 
MINURN 
MINGAS 
IMP HCO 
IMPOIL 
IMPGAS 
IMPURN 
IMPTHO 
STKURN 
STKUDP 
STKPLU 
STKU35 
STKLWS 
STKHT 3 
STKHT 4 
STKLMS 








TABLE 1. MARKAL CODES (Continued) 


ENERGY CARRIERS 


DOMESTIC HARD COAL 
DOMESTIC BROWN COAL 
DOMESTIC CRUDE OIL 
MINING OF U308 
DOMESTIC NATURAL GAS 
IMPORT OF HARD COAL 
IMPORT OF CRUDE OIL 
IMPORT OF NATURAL GAS 
IMPORT OF URANIUM 
ed OF THORIUM 

CKPILING OF NATURAL 
STCCKPILING OF DEPLETED URANIUM 
مان‎ IS OF PLUTONIUM 

ING OF U33/U35 M 

STOCKPILING OF LWR SPENT PUEL — 
STOCKPILING OF SPENT URN/THO HTR FUEL 
STOCKPILING OF SPENT U35/THO HTR FUEL 
STOCKPILING OF LMFBR SPENT FUEL 


22 
22 














Objective function 





of total discounted system cost was an 


1 scenarios. However , 
two or more optimisations, 


The minimisation 
objective function used in al 


scenarios comprise 4 sequence of ۱ 
ive function. The objective 


تن : 

each using 2 different objec 
function used in the last step of such a sequence is always 
total discounted system cost. For 


example, the computation of the SP-1 scenario comprises two 


The objective function applied in the first is the 
nt of imported oil during the 


the objective 


some 


the minimisation of 


runs. 
minimisation of the total amou 
In the second run, 


time span considered. 
he total discounted system 


nimising of t 
viz. that the total amount of 


d the value obtained 


function is the mi 
cost under a constraint, 


imported oil is not allowed to excee 


from the first run. 


Supply and price of primary fuels 





See section 4.2 of this report. 


Use of final energy instead of useful energy for each demand 





sector 
LM 


-use demands are normally specified in terms of useful 


The end | | 
r the demand devices having 


energy with the efficiencies fo | 
a value of less than one. The demands can alternatively be 


expressed in terms of final energy: in which case efficiencies 


do not enter the calculations. 


For instance, for the transportation sector the second option 


he specified demand represents the 
the gas stations, that is 
ter the calculations. 


has been used, and thus t 


fuel delivered to the vehicles at 


to say, the engine efficiency does not en 


the model can choose between oil-derived and coal- 


However , 
derived liquid fuels. 


he demand data is discussed in more detail 


The computation of t 
in section 4.3 of this report. 








All these inputs, except the objective function, 
the national data file. 


Technology data 





Data 

necessary to characterise technologies (investment cost 
operating and maintenance cost, 
technical lifetime, 


4.4 of this report. 


efficiency, starting year, 
etc.) are discussed in detail in section 


Constraints on implementation of new technologies 





Th i ' 
ere are two main kinds of constraints: bounds on total 


installed capacity of each technology and bounds on annual 


i 
nvestment for each technology. These can be used simul- 


taneously and can be either upper, lower or fixed bounds 


| are included in 
The objective function is Specified during 


the particular scenario run. 


A standard output includes: 


- Primary energy required to satisfy 
fied by the input data. 


the energy demand Speci- 
- Exports and imports of fuels. 


- Final energy demand for each sector. 


- Installed capacity of conversion technologies 
- Total discounted System cost. 


- Total emissions (1). 





(1) At present, 
tal data. 


the work plan has not allowed for the inclusion of environmen- 
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- Shadow price, i.e. the marginal cost of an additional 
unit of a bounded quantity. 


Results are shown in section 5 of this report. A considerable 


programming effort was required to achieve the quality of presen- 


tation. 











3. SCENARIOS 





"Scenarios" are hypothetical sequences of conditions which can 
modify the structure of an energy system. It is obvious, for 
example, that the imported crude oil price has a very large in- 
fluence on the structure of the energy systems of the Western 
European countries. Therefore a change in the evolution of this 
price will introduce important modifications to the energy systems. 
Each possible evolution of this price creates a different scenario. 
This is just an example; another group of scenarios could be 
created by considering different policy constraints relative to 
the implementation of different types of power plants, etc. The 
main objective of this study is to describe the sensitivity of 


the Spanish energy system to changes in certain parameters. 


Bed Definition of Scenarios 





Excluding the RP-4 scenario, which will be explained below, all 


scenarios are characterised by two main indicators: 


PRICE indicator ፡ P = total discounted cost of the 
energy system for the total time 


considered (45 years) 


SECURITY OF SUPPLY ፡ 5 = total net oil import over 
indicator the entire time span 


The so-called "PS-scenarios" have been obtained by minimising P 
with no constraint on S. One of these scenarios has been con- 
sidered as the base case or reference scenario (PS-1). The number 
after the two capital letters indicates if the scenario is accel- 


erated or not. 


Unaccelerated scenarios 





These scenarios have the number 1 after the two capital 
letters. This means that the date of availability and the 
constraints on implementation of new technologies are exac- 


tly the same as in the reference scenario PS-l. 


መ nasaniage Jülich, BNL-50641/Jül-1406, March 25th, 1977. 


-16- 


If these scenarios are represented in the (PS) space, they 
lie on the PRICE-SECURITY trade-off curve (see Figure 4). 
The SP scenarios have been obtained by minimising P under 
the constraint that S is not allowed to exceed a given 
upper limit p". 


s € 5* 


P (total discounted cost) 


A دم‎ 


cost minimum curve 











ቁጭ S (total net 
oil imports) 





Figure 4: Price-Security Trade-Off Curve 


It can be seen in Figure 4 that enforced reduction of net 
oil imports below the PS-1 point in a scenario study will 
gradually increase the total discounted system cost, because 
oil is substituted by more expensive technologies.  Progres- 
sively larger reductions in oil imports will increase the 
system cost until a limit point is reached below which it is 
impossible to reduce oil imports. Below this point the 


exogenously specified energy demand could not be setisfied 


for one or more demand sub-sectors. This limit point is 
the SP-1 scenario. 


It is interesting to get scenarios for which a comparison 
can be made among different countries. The intermediate 
points on the trade-off curve are defined by the slope À 
of the curve, i.e. by the marginal cost of S. The value 
of this is given by the dual value of the following con- 
straint: 


s < 5* 


Such intermediate points are obtained by minimising, ina 
first step, the objective function: 


8م + م 


and then by minimising, in a second step, the total dis- 
counted system cost under the constraint that S is not 
allowed to exceed the value obtained from the first step. 


This procedure permits a meaningful aggregation of results 
for a group of countries. If two countries have different 
marginal costs for the security indicator S, the total cost 
for the group could be reduced without changing the total 
amount of imported oil for the group, by increasing the 
imports of the country with the largest value for A and 


reducing the imports of the one with the smaller value of A. 


Accelerated scenarios 





These scenarios have the number 4 after the two capital 
letters. They are defined in the same way as unaccelerated 
scenarios except that a selection of new technologies (de- 
pending on the scenario) have their dates of availability 
advanced by five years. Furthermore, some of these tech- 


nologies (depending also on the scenario) have their possible 


implementation levels increased. 








Availability 4 
both kinds of 
section 4.5 of 


Sensitivity cé 





The sensitivit 
making differe 
the imported < 
price schedule 
tions on the e 


The RP-4 scene 
with technoloc 


implementatior 


The participating cc 
accordance with the 
(USA, DOE), Chairmar 
Systems Analysis (1) 
Sweden, USA and the 
scenarios included : 
countries (Austria, 
Zealand, Norway, Sp: 
scenarios (the ones 
decided in the 10th 


Besides these eight 
in the present Span: 
scenarios (the last 
computed because of 
coal in the Spanish 


A list of the scenal 
Table 2. 





(1) R. Williamson: Mema 
Cases to be used in 


R. Williamson: Mema 





* 


- 1/LIM NUC 
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lates and implementation levels used for 


scenarios are discussed in more detail in 


PS-1/ LIM FOS 
ده-‎ SP-4/10 OIL ል 
- SP- 4/10 OIL ር 


. this report. 


—> PS-1 /OIL A 
-ቱ PS-1 /0IL “اع‎ 
— ور مو‎ * 

SP-4/10 LIM NUC‏ ه- 
SP- 4/10 LIM FOs%‏ ه 


-ቱ SP- 1710 * 
Nuclear «6554 


- SP-1/05 
— SP-1/1 
.مک هب‎ * 
— حم‎ )# 


— وم‎ * 
PS 


Nuclear < 65 Y% 


一 全 


ise scenarios 





— 


$/6J 


-y case scenarios differ from the others by 


int assumptions concerning some or all of: 
the imported hard coal 


——- د 


ossil < 65 ኝ 








 Fossi « 65* 


11 price schedule, 
limitations on nuclear power, and limita- 








>, 


ivailability of fossil energy carriers. 








۳ ۱ 
Lower Oil Price 


Higher Oil Price 


Constraint at 05 $/GJ 
Lower Oil Price 
Higher Oil Price 


Constraint at 10 $/GJ 
Minimum Oil Impor t 


Constraint at 15 


irio is defined in the same way as PS-4, but 
jies using renewable energy at their highest 














| levels. 


juntries were divided into two groups. In 


instructions received from Mr. R. Williamson 


| of the IEA Steering Group on Energy R,D & 
(Germany, Japan, 





|, the Phase A countries 


United Kingdom) have computed the sixteen 
The Phase B 





in the list shown ín Figure 5. 
Denmark, Ireland, Italy, New 





Belgium, Canada, 
iin and Switzerland) have run a minimum of eight 








marked with an asterisk in Figure 5), as 
Steering Group Meeting (Stockholm, July 1979). 


scenarios, two additional ones are presented 
ish report; the PS-1/LIM NUC and PS-1/COAL C 
one does not appear in Figure 5, but has been 


the important role played by imported hard 


energy system (see section 5)). 


Figure 5: Scenario Overview 











“jos presented in this report can be seen in 


randum for Steering Group on Energy Systems Analysis, 
Sensitivity Analysis, February l3th, 1979. 


randum for Steering Group on Energy Systems Analysis, 





been published (see footnote g) on page 3). 





Unaccelerated case runs 





Reference scenario. Cost minimisation 


Cost minimisation at extreme level of oil 


import reduction. 


SP-1/1.0 Cost minimisation at level of oil import reduc- 
tion of 8 1.0/63 shadow price of security indi- 


cator. 


PS-1/OIL C The reference scenario with the oil price 
schedule C. 


PS-1/COAL C The reference scenario with the coal price 
schedule C. 


PS-1/LIM NUC The reference scenario with total nuclear 
energy constrained to 65$ of that for the 


reference scenario. 





b) Accelerated case runs 





PS-4 - As for PS-1 with acceleration level 4. 
SP-4/1.0 As for SP-1/1.0 with acceleration level 4. 


SP-4/LIM FOS Total fossil resource use constrained to 80$ 


of that from the PS-4 scenario. 


As for PS-4 with the technologies which use 
renewable energy implemented at their highest 


levels. 





2: List of Computed Scenarios 





tric motors, Ovens, etc. 


4. 


4.1 


convert final to useful energy. The 


MODEL INPUT DATA 





Objective Function 





* explained in the preceeding sections, two or more objective 
unctions can be applied sequentially. Examples of objective 


functi 
tions which can be used are: minimise total system cost, min- 


imise oil imports, minimise use of fossil fuels, etc 


4.2 


Supply and Prices of Primary Energy 





4.2.1 Coal 


a) Hard Coal 





The Spanish hard coal resources have been estimated to be 
approximately 1850 MTCE. Domestic extraction is not suffi- 
— to cover the demand, and therefore the price of 
imported hard coal plays an important role in the Spanish 
Energy System. Moreover, the price of domestic coal is 
much higher than the international one. However, lower 
bounds have been implemented for political reasons. For 
the first two time periods, the guidelines contained in the 
Spanish Energy Plan, which was approved last summer by the 
Spanish Parliament, have been taken into account. The 
price for imported hard coal is assumed to increase 2$ per 


— except for the PS-1/COAL C Scenario, which assumes 
an increase of 3$ (see Figure 7). 


b) Brown Coal 





Total domestic reserves of this resource are approximately 
630 MTCE, and two different classes of brown coal are dis- 


tinguished. It has been assumed *hat one class will be 


exnausted by the year 2005. Until now, brown coal has only 


* "E 
en used for electricity generation, but the model output 


shows that, in future, brown coal is used for both electri- 


city and synthetic fuels production. 


Im 
ported brown coal has not been considered in this study 
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4.2.2 Crude oil 
Domestic crude oil reserves have been estimated at about 70 MTCE, 


considering only the oil fields actually in exploitation. Taking 
into account the amount of oil which is presently extracted from 
these fields, domestic oil has been assumed to be exhausted by 





the year 1990. 


Imported oil comes mainly from several Arabian countries. Assumed 


prices for imported oil are shown in Figure 6. The standard price 
schedule applied to most scenarios is schedule B, 
dules A and C are used for sensitivity cases only. These oil 
price assumptions have been given by the IEA Steering Group on 
RD&D Strategy (Document IEA/CRD/M(78)1), starting with 8 رد‎ 


13.0/bbl for 1977 FOB Persian Gulf. For CIF prices at Western 


and price sche- 


European harbours, $ (75) O. 


4.2.3 Natural gas 
Domestic availability of natural gas is also very low. 


been calculated in the same way as for crude oil, with reserves 
The assumed price 


It has been calcu- 





It has 


being depleted at approximately the same time. 
for imported natural gas is shown in Figure 7. 
lated by assuming that the price of imported natural gas will re- 


main at 0.8 times that of imported crude oil. 


4.2.4 Uranium 
Total domestic reserves have been estimated at about 60,000 T, 


available as enriched uranium. Yearly mining is assumed to grow 


until the year 2010 and to decrease afterwards. The bounds have 





been implemented taking into account existing fields only and 
because of this the domestic production decreases after the year 
2010. Outputs from the model show that domestic production is 
not enough to cover the demand because the installed capacity of 
nuclear power plants becomes very large in almost all scenarios. 
The assumed price for imported natural uranium can be seen in 


Figure 7. The price is estimated to increase at 3% per year. 


4.2.5 Renewables 
The most important renewable resource in the Spanish Energy System 





is hydropower. 





3/GJ transportation costs have been added. 
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Fuel Prices 
Imported Crude Oil Price 




















(375/63) 1980 1990 
Schedule A 2.36 2.85 
Schedule B 2.36 2.85 
Schedule C 2.36 3.48 
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Figure 6 : Oil Prices 





GAS FUEL CELL ELECTRIC discussed in more detail 


DISPERSED SOLAR PHOTOELECTRIC | | ኞ 
CENTRAL SOLAR THERMAL ELECTRIC | The compu : 
in section 4.3 of this report. 


ICES ALL USERS 


) COMMERCIAL SPACE HEAT tion of the demand data is 
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The average hydroelectric production of the Spanish hydropower 
system is, at present, in the neighbourhood of 36.000 GWh. In- 
stalled capacity has been continuously increased during the last 
fifteen years and is, at the present time, about 13.500 MW. 
Tables 3 and 4 show the evolution of electricity generation and 
installed capacity of electric power plants for the last thirteen 
years. Naturally, the structure of generation is influenced by 


Prices of Natural Gas, Hurd Coal, Natural Uranium 








HYDROELECTRIC | FOSSIL POWER | NUCLEAR POWER 



















































































1980 1990 2000 
(375/63) — — — the hydrology of the corresponding year. POWER PLANTS PLANTS p 1 TOTAL 
‘Imported Natural Gas ۳ ۱ FROM FOSSIL FROM NUCLEAR | 
2000 2010 2620 (Pipeline + LNG) د‎ , 4.3 Demand Data 7680 3457 11137 
Imported Hard Coal 1.30 1.52 POWER PLANTS = PLANTS 
3.16 | ۱ 6 9 8227 4671 28 
4.28 5.71 7.4 Domestic Hard Coal ° " Demand projections have been made considering the following four | ` 8543 5292 13988 
ኞ d 46 Import. Hard Coal Senedule C. 1.30 1.75 ጠለ betie | ` 10421 28 5 
5.86 7.47 7.47 : . i — | 6165 1565 3 
Imported Natural Uranium 0.104 0.128 x 17957 44 :7 10883 | 6888 17924 
($45 / Gramme) Industry ۱ 21366 47 9 11057 7403 19073 
Transportation 20604 40 1 11136 9615 21871 
- 7 
$z/GJ uel Prices — سک‎ ۱ 27608 Z 11470 10617 23207 
8- Residential and commercial 21246 11841 11376 24337 
27695 40 7 11954 12393 25467 
7. Each sector has been sub-divided into the following sub-sectors: 40203 53 : 12497 12974 26591 
ظ‎ 42255 22 13096 13334 27550 
Industry Iron and steel industry 48490 59 2 13504 13573 28197 
Other industry 60759 67 8 
46537 50 7 
ል Transportation Road transport 50071 56 8 
۱ | ۱ 
سے‎ e Rail, air and ship transport SABLE 4. ‘INSTALLED CAPACITY OF 
መመ” | 
SPANISH POWER PLANTS (MW) 


መ 
^ MOVES Residential and 
AL commercial 
SCHEDULE C 
‘ — inii 
Imported 
Coal | | Warm water, all users 


Space heating, 


single family dwellings ELECTRICITY PRODUCTION 


Space heating, 
multi-family dwellings 


Lighting and appliances, all users 


— | | Non-energy use Non-energy use 


2010 a 2020 











1990 2000 2010 60 2020 


This classification has been made taking into account the avail- 


ability and degree of disaggregation of numerical data. 
Figure 7 : Fuel Prices 





For industry, transportation and non-eneragy use sectors, the demand 
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has been specified in terms of final energy, and for the residen- 
tial and commercial sectors in terms of useful energy. This 
method was adopted because of the difficulty in estimating the 
efficiencies for the considerable number of industrial processes. 
Moreover, the efficiencies of internal combustion engines used 


for transportation are not constant, depending among other factors 
on the engine r.p.m. Rail, air and ship transport have been con” 
sidered together because it is not logical to allow competition 
between them (for example, it is not always possible to transport 
goods between two points by choosing betweeen rail, ship or plane 

if one point is not situated on the coast, in the case of ship trans- 
port, or has no airport, in the case of air transport). In addi- 
tion, a jet uses only herosene while a train can run on either 


diesel, or electricity, if the line is electrified. 


The plot given in Figure 8 shows the projections for the demand 


sectors. Numerical values can be seen in Table 5. 


4.4 Technology Data 





The MARKAL model makes an optimisation according to a specific 
objective function and constraints and selects a certain technology 


mix from all the options available in the data base. 


The technology input data supplied by the user must adequately 
reflect the present situation of a country, and must also include 


data concerning new technologies. 


The technology input data applied to scenario computations has 
been collected by the IEA Systems Analysis Staff (1). Therefore, 
according to the guidelines and instructions of the IEA Steering 


Group on Energy RD&D Systems Development, the national data sets 





(1) - Technology Review Report, revised, IEA Systems Analysis Project, September 
1979 (currently being corrected for final edition). 
- Technology Data Handbook, IEA Systems Analysis Project at Jülich, 
Septcmber 1979 (currently being completed and revised for final edition). 
- MARKAL, Spanish data set. 
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tly the same as in the reference scenario PS-1. 
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Figure 8 : Demand Projections 
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for all countries 
Participating in the pro; 
ground ruies. et 


sub-section. 


‘re based on common 


The ground rules are outlined at the end of this 


The MARKAL model requires that each tec 


hnology be de 
the following set of quantitative data — 


elements: 


a) Physical parameters 


ST | 
ART Time period of commercial availability. 


LIFE : Technical lifetime. 


Availability factor. Fraction of year during 


which the plant is available, 


that is one minu 
2 
scheduled maintenance 


(AF can vary with th 
season and time of day). : 


EFF š 
Efficiency (total Output divided by total input) 


For coupled production plants, 


which prod 
electricity and heat, ሃ —: 


additional data elements are 


recui | i 
quired in order to Specify the fraction of the out- 
put energy which is electricity. 


۱ For a pass-out + 
ur 一 
bine system the additional data re 


quired are: 


CEH : | 
፡ Ratio of electricity lost to useful heat 


gained. 


Maximum value of the ratio of electricity lost 
to heat gained. 


For a back-pressure turbine the additional datum is 


REH : lo c 
: Ratio of electricity production to h 


tion. set profuc- 


In a - 
" back Pressure turbine System it is not possible 
6 ۷ 

ary the ratio of electricity production to heat 
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jon. However, in a pass-out turbine system, 
io can be varied to meet the particular re- 


nts for electricity and heat. 


| systems (i.e. non-electric and non-district 
; technologies) require the following data: 


IC) These two parameters specify the frac- 

iC) ` tional input and output of each energy 
carrier. The efficiency is the sum of 
outputs divided by the sum of inputs. 


llowing data elements are optional: 


: Existing technologies require additional. 
data elements which specify the capacity 
existing at the starting time (1980) which 


is available in each time period. 


ic factors 


T : Total capital investment costs per unit 


of capacity. 


Fixed annual operating and maintenance 


costs. 


Variable annual operating and maintenance 


costs. 


Delivery cost of fuels to the respective 


technology (optional). 


n of technology data the following set of ground 


erved: 


are expressed in constant 1975 US dollars. 
‘finally expressed in other currencies have been 


o 1975 according to national inflation rates and 
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converted to dollars at 1975 average exchange rates. In 
a few cases (not applicable to Spain), adjustments were 
required to take into account currency revaluations. 


Capital investment costs include interest during construc- 
tion. A discount rate of 6$ per annum in real terms has 
been used. 


Capital costs are referred to the output of conversion 
technologies (for instance $/kWe net electrical output for 
electric power plants) and to input capacities for pro- 
cesses (for instance $/GJ/year input crude oil to refin- 
eries). 


Taxes, subsidies and profits have not been included in the 
capital and operating cost calculations, because they have 
been considered as country-dependent items. This rule 


does not apply to incentives offered for export. 


Fixed operating and maintenance costs (FIXOM) include in- 
surance premiums and other specified real expenses (exclud- 
ing taxes) required by law in the individual countries 


(for example, payments for waste disposal or decommis- 
sioning). 


Capacities are expressed in units of gigawatts net elec- 
trical output (GWe) for electric systems and peta-joules 
(10!? joules) per year for non-electric systems. 
Energy flows are expressed in units of peta-joules per 
year unless otherwise noted. 


The energy content of energy carriers (coal, gas, and oil- 


based fuels) are expressed in terms of net calorific value 


which means that the heat of condensation of water produced 


during combustion is not included in the calorific content 
of the fuel. 








Table 2: List of Computed Scenarios 
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- Efficiencies are understood to be net efficiencies. 


- The contribution of nuclear and renewable systems to 
total primary energy is calculated as fossil fuel equiva- 


lent (FEQ), which is the fossil fuel that would have been 


consumed to suppiy the same services. Numerical values 


adopted for FEQ for electricity production systems are 
listed in Table B2, page 103, of OECD's World — Out- 
look, 1977, for the years 1980 and 1985. The physical 
efficiencies for nuclear and renewable systems do not 
enter the calculations of the model except for calculat- 


ing net heat release to the environment (which has been 


omitted up to now). 


Constraints 





Primary energy 


a) Domestic | — 
It has already been indicated that, for social reasons, 10 


bounds have been established for domestic fossil primary 








energy supply. 


For all scenarios it has been assumed that hydropower poten- 


tial available in each time period is fully exploited. 


b) Imports | ۱ ۹ 
In general, primary energy imports are unconstrained. e 


first two time periods, in which lower bounds have been im 





plemented according to the guidelines contained in the Energy 
Program of the Spanish Government, are exceptions. These 
guidelines for imports refer to natural gas, oil and hard 


coal. 


4.5.2 Electricity production | 
In the above-mentioned Energy Program, regulations are contained 
which prohibit the construction of new oil power — except 
for small diesel plants which are the only option in some reti 
for example for some islands in the Canary and Balear archipelago. 


The decisions already adopted by the Spanish Parliament concerning 








een considerec in this study. 
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new plants currently planned or under construction have also been 
adhered to. These refer mainly to nuclear power plants and fossil 


power plants using hard coal and domestic brown coal. 


4.5.3 Conservation 





The Energy Program contains Specifications about heat transmission 
losses in new buildings. These have also been taken into account. 


4.5.4 Constraints on implementation of new technologies 
In this sub-sector it is briefly discussed why new technologies 


must be constrained and at which level the respective constraints 
have been implemented. 





Figure 9 shows an example of the inputs required for one demand 
sector during the whole time Span. For this demand sector the 


exogenously-given demand for useful energy is satisfied for each 
time period. 


At the beginning of the scenario time frame, the existing stocks 

of demand devices must be taken into account. These stocks grad- 
ually disappear as they become obsolete. They must be exogenous- 
ly given by the user and are called existing mix. 


As can be seen in Figure 9, for each time period, the difference 
between the total demand and the declining existing mix is satis- 
fied by MARKAL with an Optimal mix of technologies which is selec- 
ted from the options available in the data base. 


It is then necessary to implement bounds for these options because 
otherwise the model would choose the cheapest available option 

(if the objective function is the total system cost) and would 
satisfy the entire difference between demand and existing mix 
using that option only. Therefore an unrealistic solution would 
be obtained because even though, for example, the cheapest option 
for space heating is solar, it is not logical that all the space 
heating demand of a country be satisfied by solar space heating. 


Insolation levels depend on location and also weather, season and 
time of day. 


4.2.5 Renewables | | un 
Th ost important renewable resource in the Spanish Energy Sys 
em 





is hydropower. 
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Other constraints are of a technical na 
must be specified that washing machines 
otherwise the model could choose diesel 


The constraints for all new technologie 


are shown in Table 6. 
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For accelerated sc 
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RESULTS 


5. 


The different scenario types have already been defined in section 
3 of this report, as well as the trade-off curve concept. 


The long time span considered and the large number of different 


technologies to be analysed generate a large amount of informa- 


tion. 


It is difficult to display the results in a condensed form. 


In sub-section 5.2 a single scenario report 


In sub-section 5.1 the trade-off curve and its corresponding 


values are shown. 


presents the following items for each scenario: 


- Primary Energy by Fuel 


- Final Energy by Fuel 


- Electricity Production by Technology 


In sub-section 5.3 each particular item is shown on one page for 


all scenarios. 
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Figure 8 : Demand Projections 
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for small diesel plants which are the only option in some cases, 
for example for some islands in the Canary and Balear archipelago. 
The decisions already adopted by the Spanish Parliament concerning | | x 3 | 


atistied by solar space heating | 
n < | Figure 9. Example of Optimizatio 
Insolation levels depend on location and also weather, season and | — 


time of day. 






































ም | $INGLE SC 
| ENAR 
SINGLE SCENARIO FOR SPAIN RUN T$110X SCENARIO: 5۴-۱۵۱ 0811 9 10 FOR SPAIN RUN 5510 
SINGLE SCENARIO FOR SPAIN | 
RUN  TS110X SCENRRIO: 56-1191 0۱ ORTE: 11/11/79 TAGLE 8: ELECTRICITY PRODUCTION ۱ ۲69۶ 2 PRIMARY ENERGY به‎ FUEL. ۰ 
SINGLE SCENARIO FOR SPAIN RUM 151103 SCENARIO: 5۴-۱۱۱ 0۱ DATE: 11/11/79 TABLE 4፣ FINAL ENERGY BY FUEL (PJ/YR) 1980 1985 1990 1995 2000 2005 - 2010 856 2020 LINE CODE — 5 enr 1995 2000 20 
| 05 20 
TABLE 2: PRIMARY ENERGY BY ۴6۰ ۱ ' 1980 1985 1980 1996 2000 2005 2010 2015 2020 LINE CODE 68.0 ۳ ^ 6-6 9.6 2.8 4 ۳ hà i.m ME و‎ 1789.0 1740.3 1731.3 1652.6 1570.6 146 
w i ۰ . H + 1 B ^ » - 5 .1 799.6 1017. ° | 
1995 2000 2005 2010 2015 2020 LINE CODE 655-4 1012.2 (87.7 ;66ን-6 By مر‎ “ቅ وج‎ 1281.8 COAL PNO COKE ٧ + 0 9.0 و‎ ۵ 3 ۵ $8 ١ - resent COGENERATION ‹-ዙ- 170.0 176.0 108.3 195.8 pod 3 
< j ። ۰ ۱ 1 . 1565.0 LIQUIDO FUELS " 180.3 211.0 20 y ‘ 
۰ 1 . . ۰ 5 4 . . .9 41 .5 ۰ . 7.7 .7 4 e T Rn" 6.3 124.8 ° 
ههو‎ 1582.3 2017.2 2192.1 2235.0 2 - HARD COAL 320.8 - 390.8 460.) ويم ډه‎ 342.5 39-0 471.2 507.6 3 - OAS (INCL. NYOROGEN) e. 6:1 ۸0 66.3. ቨ4 S GST 3.9. a 98 - (69 በከ ss» E^ ms EJ AM d سي‎ 
196.6 | 105.6 — 113.2 120.7 BROKN COAL 0.0 0.0 0.0 0.0 0.0 م8۸‎ ማሚ <= መ w ELECTRICITY 0-0 0.0 ዐ 0.0 0.0 0.0 0.0 0.0 — 22.7 6 - ዘርዐ COMBINED CYCLE => 4 MID 33 42 697.2 6 
e$ | 12 12 n 4. > i2 v ት" * + be - °. 0.0 ° PROCESS HERT 0.6 9.6 ° 9.6 0.0 0.8 9.9 0.0 5:6 +. 2B 3055.5 3536.1 3991.4 4449.0 4957.5 5388.2 576 
1282.8 .4 1706.8 1945.5 2129.0 NUCLEAR f 0.0 6.9 17.4 31.4 45.4 51.6 49.2 66.8 67.85 - Fan: سی‎ 0-0 0-0 0 0.0 0.0 0.0 0.0 0.0 0.0 8 - HCO FLUIDIZED BED 
414.4 . 443.7 461.4 467.2 6 - RENEWABLES 2195.9 2514.8 2792.0 3057.8 3305.0 3524.5 3742.7 3974.9 4198.6 sasas TOTAL ወወወወወ 4 I : - 2 L Iz p 7 i. 7000 — سس‎ 
4949.3 .4 5741.5 6143.8 6444.3 usus TOTAL ۵ እዙ ፻ ° 5 5 و‎ ም 4i? 1.3 . one FUEL CELL 1 | 
۰ . * ۰ > ۰ . ወ E 
$000 سه یوس‎ qm 0.0 0.0 0 3.2 23.2 90.2 136.8 ር - HIR < 
CUMULATIVE GRAPH ፡ 0.0 0.0 0 0.0 TET $9.9 93.1 O - LIFOR 1 
۱ 114.1. 116.9 7 128.8. 131.8 138.3 146.4 E - CONV. HYDROELECTRIC , 
: 0.0 0-0 0 0.0 0.0 0-0 0.0 F - SOLAR THERMAL ELC 1 
: 0-0 0.0 ዐ -2.5 -2.6 -0.3 -1.3 G - PUMPED STORAGE ~ 
i 0.0 0.0 0 0.0 0.0 0.0 0.0 M - MINO CENTRAL 6000 -. 
) 0-0 0-0 ዐ 0.0 0-0 0.0 0.0 | - GEOTHERMAL HOR 
0.0 0.0 0 0.0 0-0 0-0 0.0 J - PHOTOVOLTRIC DISP. 3 
۱ 346.0 421.7 3 562.2 651.9 750.9 803.9 seuss TOT AL asses * 
- 





š 








ን CUMULATIVE GRAPH e 
| PHOTOVOLTAIC OISP. 5000 
۱ SOLAR THERMAL ELC 
ELECTRICITY ۱ 
i ሪ መጃ 


CONV. HYOROELECTRIE 


AAA A 


4000 






NUCLEAR 


05 (INCL. monooe， 





BROWN COAL 


C C.P 


3000 





— په — w‏ وه 
ጨመ sos‏ ووو واوو ووو پو وو وو وو WMO ١‏ 


LIQUID FUELS 


E 
E 
L 
E 
E 
ሣ 
- 
۳ 
R 
— 
cud 
` 
] 
ማጃ 
4 
ር. 
ow 
E 
- 
چا‎ 
4 
o 
« 
b 
E 
E 
سا‎ 
4 
መኣ 
E 
E 
دا‎ 
E 
E 
E 
ሣ 
" 
E 
c: 
E 
E 
۳ 


يم 
8 
© 


— i, 





























LA sananaadana | daa daa dl aaa d aaa :همد‎ 











AE AI A و‎ Lla وو و‎ NN NN A A A و‎ A A A A À 








1000 
OIL 
COAL ANO COKE HCO STEAM 
GAS FUEL CELL 
"eoo SFESGAS 17 
Y 
: دمه‎ senem — ار زا‎ 1 268627 CLE domes 
VVwy)vV-*"*"Y3 p... DE ur C CC RC 1 | manasa naa 
1980 1965 1980 1995 2000 2005 2010 2015 2020 1980 1905 1990 1998 2000 2005 2010 











E ም y... v V 5 


1980 (85 1990 1995 2000 2705 2010 2015 2020 YEAR 


YEAR 


— s S.S 











0 ሸ A. ¿ED À 1 LJ ናም የ Y t LS LS 7 LA w Lf ¥ T ؟‎ 4 1 Li %፡ 5 ۴ | ç. 5 ጊሪ LA 1 M %፡ V V 
1960 1986 1990 1996 2000 2005 2010 2015 2020 
YEAR 
































































































































SCENARIO: 56-۱ 


2015 


1462.3 
2130.1 
113.2 

0.0 
2024.3 
463.4 
6193.3 


DATE: 11/11/79 





sansa TOTAL e... 





RENEWABLE 








tO COAL 











pe Y | እለ ዥ y 


2015 


YEAR 








SINGLE SCENARIO FOR SPAIN RUN 01 
TABLE 4: FINAL ENERGY BY FUEL ۰۱ 
1995 2000 


643.5 813.8 


1597.5 
263.4 
$22.0 
0.0 
0.0 
31.4 

3057.8 


CUMULATIVE 


401.0 
696.9 
0.0 
0.0 
49.2 
3742.7 


SCENARIO: 


2015 


124.7 
1502.6 
472.2 


746.5 
0.0 
0.0 

46.8 
3974.8 


56-۱ 





Sa ገ "ም AAA 


= | 


ሠ 
5 
=> 

L 


E E 
o o 
و و و‎ uku مسب همهممهممشس‎ 


A A 全 全。 ል......ል.......ሴ Á 


GAS (INCL. fe j 


LIQUIO FUELS 


COAL ANO COKE 


ORTE: 11/11/79 


2020 LINE ۰ 6 


1289.7 COAL ANO COKE 
1650.0 ۱. 1019 FUELS 
$14.6 - GAS (INCL. MYOROGEN ) 
796 .7 - ELECTRICITY 

0.3 - PROCESS MEAT 

0.0 - DISTRICT MEAT 

47.5 ን - RENEWABLE ENERGY 
4198.5 8688 TO TAL سه‎ 


po -—- -RENENABL. 3 ENERGY 











ASES. so ee 


1965 1990 1995 2009 


| 


2010 


. Ass. did. ሆሇ“ 


Ll p 


2015 2020 


YEAR 


> de 
. 9 
“መረ 6 


©» © © © © © 


-መ 
> 
200 
. © © @ 


* 
نه © © © - 


SINGLE SCENARIO FOR SPAIN 


TABLE 8: ELECTRICITY PRO-UCTION (ፆጋ/ሃጸ) 


= ë - 
Soon 

- س‎ O O یه‎ 
سم‎ 
3000 
. €? a - 
€woooc 


O فا‎ 
. 


© © © © له 


. 
-— 
= 

መ= © 0 

. 9 
© 6 © 


- 
دم‎ 
= ooo 
۰ 
دب © © © د‎ ርን 
dh 
ooo 
۰ . «9 9 
= © © © سه‎ 


CUMULATIVE GRAPH 


-53- 


RUN ۷ 


ه ه © ده © 
00000 « © © 


© © © © © - 
۰ . 
© © © © ده 


رها 
سن © © © دم 
. 
© © © 


NOCO 
هه‎ O O ü 


d 
oo“ ooo 
. 

AO © وه‎ 


(“Q دم سه‎ 
Y uU M. .2 የ ይ 
و ده سه‎ © © oO 


P 
۱ 
5 وه ه ه‎ 
^ - 
© © © ه‎ 


سه يه 
و © © هه © © © 
ه ٩٨ < ረጋ ርን‏ 


ww Uo 
ሙ> © 66 ده س‎ © 


© © © © 
B 
*0000 


~d 
— 


SCENARIO: 5ጾፆ-1 


2010 2015 2020 


an 
መ هه‎ ርጋ ረጋ ه‎ 
سه دي‎ 
© j ه © ده‎ ር) 
> 
መ ب‎ © © ር) 


ኮኔ = ሠ= 000 
= 
ب هه‎ © ረጋ ር3 


وم 
y‏ ت 8 دم 


هم ° ° 
© © دم 


3 = 
SaNoo 
^ ^ e 
- ساي‎ ርን ር3 ር3 
ሙና 
"eoo 
^ . 


° 
و ه ه ه ه 68 5 


529.0 
137.4 
148.2 
16.4 
-0.7 
00 
0.0 
5.6 

886.1 


es 
. 
هم‎ 
8 
Q 


a 
9 
— 
© © © 
° © e 
© @ = می‎ 


— 
B Ww (65 A B 
O اوو وا یه ه‎ 


1 © © © - 
"ooo‏ 
ب © © © لپ 


M 
5 
. 
“coo 
አው 
ዶኔ 





ANN ییا‎ STOTT PORO PPYPPP 


۳۲۳۳۳۳۳۱ ሺ. .1 


7 


PPP‏ دو ووو وول ههد فهيدفه 





e 
ፈሊ] 








HCO STEAM 





860 STEAM 


a 


qe 


PHOTOVOLTAIC DISP. 
SOLAR THERMAL ELC 


CONV. MYOROELECTRIÉ 








| ۳ Í. we 


L 


SEAS, DADA DAA 


2000 


"7 V FF 


YERR 


ውንና — 
کے‎ uiui 


2010 2015 . 2020 


ORTE: 11/11/79 


CODE 


1 > OIL STEAM 

2 - FOSSIL GAS TURBINE 
3 - FOSSIL COGENERATION 
4 - 8CO STEAM 

5 - ዘርዐ STEAM 

6 - ዘርዐ COMBINED CYCLE 
7 - ዘር0 ۵ 

8 - HCO FLUIDIZED ٨0 
8 - HCO IN SITU GASIF 
A ~ GAS FUEL CELL 
8 
ር 
0 
E 
F 
G 
ليا‎ 


- 06 
- CONV. HYDROELECTRIC 
- SOLAR THERMAL ELC 
- PUMPED STORAGE 
- MINO CENTRAL 

1 - GEOTHERMAL HOR 

J ~ PHOTOVOLTAIC DISP. 


asana TOTAL saasa 


SINGLE SCENARIO FOR SPAIN 
| TAGLE 2: PRIMARY ENERGY BY ۱ 


1911.8 
990.8 
196.3 
119.0 
795.1 
401.9 

4404.9 


CUMULATIVE GRAPH 


TSP40N 


2000 








SCENARIO: PS-4 DATE: 8/11/79 


1633.2 1620.6 OIL 
1760.1 1852.4 HARD COAL 
113.2 120.7 BROWN COAL 
0.0 0.0 685 
1955.7 4 NUCLEAR —— 
475.1 474.7 RENEWABLES 
$937.3 6279.6 seses TOTAL sssas 


1616.5 
1171-2 
196.6 

41.9 
1239.1 
425.2 
4892 .5 


2020 LINE CODE 





2 
o‏ 
وو ریا 


PJ/Y 





A A A A A 
h. ኢፌ... eee PAIS TM 





| 


ewe ممضهممهمهمر‎ 





RENEWABLES 


BROWN COAL 











p. 








LJ Lf || . wv Ww M 


1995 








ሻ Vv LJ | 





h ገ ገ ግም ا‎ 


2015 2020 


YEAR 























— —— — 





Se EAS اځ ن واو‎ LO, X p 2990 ብር. A ART برا‎ A RNC AE 








SINGLE SCENARIO FOR SPAIN RUN TSP4ON SCENARIO: PS-4 DATE: 8/11/79 


148.4 316.4 465.3 643.5 813.5 971.7 1141.4 1232.2 1317.3 | - COAL ANO COKE 
614.5 1611.3 1627.5 1660.9 1602-0 5 1442.2 1498.6 1555.9 2 - LIQUID FUELS 
110.2 175.7 189.1 163.4 217.7 306.4 374.7 409.8 463.1 3 - GAS (INCL. ۲۱ 
320.8 395.4 465 .3 $27.1 611.0 560.3 707.8 756.3 803.8 4 - ELECTRICITY 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5 - PROCESS MEAT 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6 - DISTRICT ۲ 
0.0 6.5 18.6 34.4 50.3 60.0 59.6 59.2 $4.8 7 - RENEWABLE ENERGY 
2193.9 2507-3 2785.8 3049.3 3294.8 3511.5 3725.7 3954.7 4185.0 sasas TOTAL ٥ 
CUMULATIVE GRAPH 
5000 


የህ/፣ 


4000 


AO APR “ግት ETT TS‏ ده 





-55- 


TABLE 4: FINAL ENERGY BY FUEL ۰۱ 


1980 1965 1990 1995 2000 2005 2010 2015 2020 LINE CODE 









ሙሙ መ ጨ == ELECIRICI Il. ሙጨ ጫጭ መ ۳۹ p- --- RENEWABLE ENERGY 


GAS (INCL. HYOROGES) 


2000 


LIQUIO FUELS 


COAL ANO COKE 


+ EII III ee al a Ma c ])] c 22 2 A 











Ü — £m £n —-€ .”.፡።ሬ AAA ፡ዎ ማና ግም 


1960 1385 1990 1995 2000 2005 2010 2015 2020 
YEAR 





A n ዶሞ 




















-59- 
-57- -58- | i SINGLE SCENARIO FOR SPAIN RUN T$410X SCENARIO: SP-4(91.0/GJ) ORTE: 11/11/79 


SINGLE SCENARIO FOR SPAIN RUM 41 SCENARIO: 5ፆ-4(51.0/0ዑ,) 0816: 11/11/79 


SINGLE SCENARIO FOR SPAI 
SINGLE SCENARIO FOR SPAIN . RUM 13410x TABLE ©: ELECTRICITY PRODUCTION ۰۱ ١ 


2015 2020 LINE CODE | 980 19 


SCENARIO: 5ፆ-(91.0/0ህ) ORTE: 11/11/79 


-56- ۱ TABLE 4: FINAL ENERGY BY FUEL (PJ/YRI TABLE 2: PRIMARY ENERGY BY FUEL ۰۱ 


SINGLE SCENAR 10 FOR SPRIN RUN 156401 SCENARIO: ፆ5-4 ORTE: 8/11/79 ; : 1 1995 2000 2005 2015 2020 LINE CODE 
we 149 2000 - 2005 2020 LINE ር00፻ — =e = 


- GIL STEAM 1969.0 106 
FOSSIL GAS TURBINE 384.0 57 


TABLE 8: ELECTRICITY PRODUCTION ۷۰ 


de 
. o o 


اه 
OO‏ دم © © © © ርጋ ርጋ‏ = 


LI 


^ 
29ooS4 
© = © © © سن‎ 


® © © © © © 


ራይ 
€ 


BS 

=4 © © 

> .6 96 ?^ 9 9 9 9 . 
- © ه ها همه © © © © © 


ወ» Y 
e a 


-> 


፳ኛ 

w © O ~ 
. 9 هم‎ . > 

٥ © © © © © © © © ‹ቂቋ3ኢ‏ شا 


يم مس 
^ ړم 
9 9 9 . 


2000 


ራ ዩን 

© © © »© 

. 9 BD لول‎ a فا‎ NM ي٢‎ ۳ B 
© © © © © م © © نه نه‎ 


ወወ ጋ 


س — 
© © © هه © © © © © 


© © © © < ده‎ © © ሠ 


2010 


ዮጋ 
يف‎ ርጋ ርጋ ዮን 


© © ‹ን፦ سه‎ © © © 


© ٥ © OO © — 


TEES 


2015 


an 
6 وه و < مي 5 ه ه سا‎ 


© @ © © ده ه‎ = O O = 


N 
Jv- یی‎ ርጋ O ه‎ Ü ه‎ O © > 
የ 42 8B A ይ Y . o 
© © © © © O © @ 


هه 


N AN‏ سه صه 
E‏ 


ፍን ጣ የጣ Q O U 29 መጡ دو فا‎ v = ی۸ ی‎ — 


CODE 


OIL STEAM 
FOSSIL GAS TURBINE 
FOSSIL COGENERATION 
BCO STEAM 
HCO STEAM 
HCO COMBINED CYCLE 


~ HCO 0 


HCO FLUIDIZED BED 
HCO IM SITU GASIF 
GAS FUEL CELL 

LR 


- ٨ 


LAF BR 

CONV. HYOROELECTRIC 
SOLAR THERMAL ELC 
PUMPED STORAGE 
WIND CENTRAL 


319.4 488 .3 
1611.3 1603.5 
179.8 218.7 
392.2 462.4 
0.0 0.0 
0.0 0.0 
0.3 18.6 
2810.0 2786.5 


CUMULATIVE GRAPH 


1292.6 
1550.0 
490.5 
803.3 
0.0 
0.0 
49.2 
4186.1 





esses TOTAL osassa 


- CORL AND COKE 

- LIQUIO FUELS 

- GAS (INCL. MYOROGEN ) 
- ELECTRICITY 

- PROCESS HEAT 

~ DISTRICT ۲ 

- RENEWABLE ENERGY 


1969.0 
384.0 
131.4 
120.3 
124.S 
326.0 

3055 .2 


1665.3 
$72.1 
170.0 
180.3 
404.7 
342.2 


3624.6 


1748.4 
818.8 
176.0 
208.0 
697.5 
349.1 


3994.8 


CUMULATIVE GRAPH 


1692.6 
1101.9 
186.3 
174.9 
923.2 
393.5 
4472.4 


1589 .9 
1438.1 
196 .6 

$9.9 
1317.9 
414.5 
5013.9 


1347.1 


2326.7 


113.2 
0.0 
1950.4 
462.0 


6199.4 


1358 .3 
2392 .0 
120.7 
0.0 
2132.2 
468.4 
6471 .6 





OIL 

HARO COAL 
BROWN COAL 
GAS 
NUCLEAR 


seuss TOTAL sossa 


“a 
8 5 o هو‎ 
.` . $ 
. « © 
. ^" $e 
مد‎ 
wooo 
` . 9# 


8969968696 
00000000000 


ه ه ه ه ه #۶ 


$52 


. 
م ه هم -- © © © ه © ده نا ۰ هه © "نه © © © م 


. 
۵ م هم 6 6 هم 6۵ هه هو هو سه « و © © © © © يبه 


— 


E 
no 


© © © © © - © © 2 
. 
د © Q‏ ها 6 © © © وم © هیب © © © © © © 


~ 
N‏ 
© © 6 © © © © © ها 
۰ 
ው‏ 
هه ه ه ه 8 
. 


CUMULATIVE GRAPH 


. 9 9 * 9 9 9 E ብ 
=> 4۵ © © سه 0 « © د“‎ 66: © © © © © © © © 


2666 و مو ووه ام :همه لا 


‹“ የ. © 36 © © © 


d e 
6 © © © © = © © © 
Beso 4 4 S 
— 
©» © © © © 
p mE m M በ. NM NM B 


ዬ”- 56) 2 5 ٥ه‎ DOO SO O >= u یم‎ = 


FOSSIL COGENERATION 
sco STEAM 
HCO STEAM 


- MCO COMBINED CYCLE 
- ዘርዐ "MO 


WCO FLUIDIZED SED 
HCO IN SITU 7 


- GAS FUEL CELL 


ow 

NTR 

LAF BR 

CONV. MYOROELECTI!1C 
SOLAR TMERMAL ELC 
PUMPED STORAGE 
MINO CENTRAL 
GEOTMERMRL HOR 
PHOTOVOLTAIC OISP. 


ወወወወወ TOTAL cossas 


| 


PJ/Y 


GEOTMERMAL HOR 
PHOTOVOLTAIC OISP. 


sese T 0 T AL seuss 





و و ههه ه © 
o‏ © ° 
مْ 5 ۵ حون 6 6 6 6 
و و © و واه > ۵ © 
o‏ . 
نون هوه هوه © 6 < 
و و و و و = ርን‏ و 9 تو ت ۵ ሙ 6 ር3‏ 
خو ርን‏ ,- 6 6 6 6 6 = 
ه و و و و 5 ه + © ۵ ه ه ር3‏ © .= 
> و ۵ ده 6 ۵ هو “ወ.‏ 
شی و ር3‏ ه ه =ፅ‏ 
مدن 6 6 وو نه © 
ሙ 6 6 6 6 6 ይኔ 6۵ ርዳ .) oa‏ 
هه ات هه dX‏ ها ۵ 6 56 6 6 ه مه 


© ረጋ © © ረጋ ۵ 
. e 

— @ ርጋ Q = YN ف‎ 

86.ነ- E 


PHOTOVOLTAIC 7۰ 
SOLAR THERMAL ELC 


'. 
ES 
^ 
^ 
ወ 
ጋ 
= 
o 
EA 
= 


. 
o4 
o 
ኣዞ 
o 


bu h uhu امممم‎ La. A. uhu هه‎ uña n u کم هم‎ 


CUMULATIVE GRAPH 








PHOTOVOLTAIC OISP. ELECTRICITY 


SOLAR THERMAL ELC CONV MYOROELECTRI& 


E 
o 


CONV. HYOROELECTRIC ወ ይ به‎ I 





— 
5 
=> 


ttn a.a. aun. A D‏ اقفوو واو ففف 











LIQUIO FUELS 


| NNN 











ox 
ox 
E 
: 
E 
q 
ow 
— 
5 
E 
E 
ጣ 
E 
E 
c 
ow 
x 
1 
E 
ብ 
e 
E 
E 
E 
E 
E 
E 
E 
E 
R 
< 
1 
E 
n 
ow 
“መቋ 
a 
< 
E 
- 
~ 
۳ 
E 
E 
ከ. 
መ 
መ 
^ 
E 
E 
دا‎ 
E 
ጣ 
E 
ond 
— 
E 
E 
EL 
E 
Bs 
- 
E 
E 
E 











anpnppñnasanada ||. nana 





—"—— o. 9. £-————— vw - AIRIS ARE 











A AID (UU UA U U U eee A A A A A A A شوه‎ À A A A À 























۱ ۱ 0 | > + " 6 ۰ ۰ LA 
* ፣ 
8ርዐ STEAM ` 1980 1985 1990 
bw. : om aum sius ; roe T ie مد دزن و در دوس سوه‎ — ar — > Y p T "p" ۲ ١ Y YY || T Y TY y” T Y T Y y Y Y 
GAS FUE LL / ፣ y ጅ፣ 7 ۳ ም 1980 1985 1990 1995 2000 2005 2010 2015 2020 


VEL ር 
በ. ends “ኳት 5164 ngesir 1980 1985 1990 1995 2000 2005 2010 2015 2020 
vv V | ሻና V የ 1 Ivy T yop Y YEAR 


LI L 


۱90 1985 1990 1995 2000 2005 2010 2015 2020 
YEAR : 








1000 
01 
y HCO STEAM 
= COAL ANO COKE MB مه هسم‎ 
1 => -----01 STEAM 
HCO STEAN — Ls 3 | 
4 0 
Ë 1980 198 
: 


YEAR 
























































ROLE 2: PRIMARY ENERGY SY FUEL (PJ/YR) 


-60- 


TSP1CH 


SCENARIO: PS-1/01L ር 


DATE: 11/11/79 


2020 LINE CODE 





5 1990 1995 2000 2006 2010 2015 

6.3 1833.0 1798.8 1656.8 1600.1 1S12.7 1531-! 1$71.7 
2.1 799.5 1006.4 1230.0 1494.6 1864.1 1996.S 2062.4 
0.0 176.0 186.3 196.6 204.1 10S.6 113.2 120.7 
0.3 211.0 209.7 139.9 50.7 0.0 0.0 0.0 
4.7 607.0 821.0 1282.8 1537.5 1765.1 1940.7 2126.1 
8.9 347.8 399.4 414.4 436.7 446.2 464.9 467.8 
2.3 3974-3 4421.6 4930.5 $332.7 5893.7 6046.4 6348.7 
.RTIVE GRAPH 

RENENABLES 
NUCLEAR 























" 


i مو‎ 


1990 


ም 'ም ም ም Ds mm 


2000 


2005 


i توھ‎ 


2010 


2015 
YEAR 


ባም y ንሽ y 


2020 


- OIL 

- MARO CORL 
~ BROWN COAL 
- GAS 

- NUCLERR 

~ RENEMABLES 


esses TOTAL. a 


6 Me wn” عه‎ 








SINGLE SCENARIO FOR SPAIN 


RUN 


-61- 


TSP1CM 


TAGLE 4: FINAL ENERGY B. FUEL (PJ/YR) 
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1607.7 
220.9 
460.7 
0.0 

0 
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1 
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CUMULATIVE GRAPH 
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SCENARIO: PS-1/01L ር 


2010 2015 
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SINGLE SCENARIO F 
SINGLE SCENARIO FOR SPAIN RUN TSPIC3 SCENARIO: PS-1/CORL ር لل و ډه دد‎ -— RUM 3 
TABLE 2: PRIMARY ENERGY BY FUEL (PJ/YR) TABLE 8: ELECTRICITY PRLIUCTION (PJ/YR) 
SINGLE SCENARIO FOR SPAIN RUN TSPICH SCENARIO: PS-1/G1L C ATE: 11/11/79 aus TSPICS SCENARIO: PS-1/COAL ር DATE: 11/11/79 
9 1980 1905 T SINGLE SCE ARIO FOR SPAIN UN TSP 1980 1986 1990 1995 2000 2005 
1995 2000 2005 2010 2015 2020 LINE CODE 
TABLE 8: ELECTRICITY PROLUCTION ۰۱ | ኞች TABLE 4፥ FINAL ENERGY BY ۴6۰ ۱ 99.0 58.8 38.9 ۳۳ 7 زی‎ 
-0 1880.5 1863.2 1916.8 1847.6 1750-1 1632.0 1694.4 ۱ : i y. : 
۱ . ° ° ° 1763.5 - 01 0.0 0.0 d 7 š 
1980 1986 1990 1996 2000 2005 2010 2015 2020 LINE CODE ብግ m 799.5 986.9 1157-1 1335.7 1572.1 1665.1 1626.0 - — COAL 1985 1990 1996 2000 2908 — የ. -— 0.0 0.0 o 0 ° : : ٧ 
. . 176.0 — 186.3 196.6 204.1. 105.6 113-2 120.7 š 42. i : : ۱ 
99.0 53.3 36.3 24.9 0.0 0.0 0.0 0.0 4.2 1 OIL STEAM i 120.3 180.3 180.7 138.9 55.4 40.7 20.5 0.0 pt 4 — ለክ 310.4 48$ .3 971.7 1141.4 1232.2 - CORL RMO COKE - + ET — مي‎ 41.5 33.2 
0.0 0-0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 - FOSSIL GAS TURBINE 125.5 1404.7 — 607.0 - 774.| 1208.6 1493.8 1833.4 1992.2 2283.7 - NUCLEAR 1612.3 1631.7 1550.0 1467.2 1511-6 - 0 MAS sm + ቅ 14 M ې‎ 704 
0.0 0.0 0.0 0.0 0.0 0.0 9.0 0-0 0.0 3 - FOSSIL COGENERATION 326.0 338.9 347.8 398.3 419.) 440.0 443.8 1469.8 474.8 - RENEWABLES ` | 178.1 192.2 መቴ wc ቀ Se i. 0.6 0.0 0.0 0.0 i + 
42.5 $0.8 57.3 52.8 41.5 33.2 16.6 17.6 1.7 4 - BCO STEAM 3055.2 3646-5 3974.2 4401.3 4886.0 5264.4 5607.5 5934.7 6248.7 seuss T O T Ñ L munaa 396.8 463.2 654.2 699.2 749.3 * -. مه 0.0 0.0 اقب‎ -٧ 9.0 0.0 
49.1 67.1 85.5 90.0 79.6 70.5 61.0 42.9 14.3. 5 - ዘርዐ STEAM 0-0 0-0 0-0 0-0 0.0 - PROCESS HEA ۱ ቤል I እን » 0.0 0.0 
0.0 0.0 0.0 0-0 0.0 0.0 0-0 0.0 22.) 6 - ዘርዐ COMBINED CYCLE Um | 0.0 0.0 0.0 0.0 0.0 - DISTRICT MER : -0 0.0 0.9 
0.0 0.0 0.0 0.0 0-0 0.0 0-0 0.0 0.0 7 - ዘርዐ 0 — کس‎ On 5.0 17.4 51.6 51.6 51.6 7 - RENEWABLE 7 22 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 8 - NCO FLUIOIZED BED 1 . 2510.6 2789.8 3624.5 3742.1 3973.3 sessu TOTAL sasas 3 "2 1 Nt 242.7 359.2 
0.0 0.0 0-0 0.0 0.0 0.0 6.2 2.3 18.5 8 - ዘርዐ IN SITU GASIF : 0.0 0.0 0.0 0.0 TÍ 2-3 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 A - GAS FUEL CELL - 114. š ۲ ; 
41.3. 134.3. 201.4 282. 367.3 - 374.8 — 374.2 206.7 8 - Luk ~ CURULATIVE GRAPH E. TT TT uu 'ጌ2 e 
0.0 0.0 0.0 3.2. 23.2. $7.8 85.2 206.7 ር - 8 ] 0.8 9.5 ند‎ I 9.9 0.0 
0-0 0.0 0.0 0.0 - 11.1 33.3 59.9 137.4 0 - ۷ : 9.6 0.8 EE Zn TY 
114.1 118.6. 115.7 128.8 131.8 136.9 138.4 6 - CONV. HYDROELECTRIC : 0.0 6.6 ብጭ E 90 0.0 
0.0 0.0 9-0 0.0 0.0 0.0 0.0 F - SOLAR THERMAL ELC q 0.0 — — - 9.0 0.0 
0-0 0.0 0.0 0.0 -2.6 -2.4 -0.3 0 - PUMPEO STORAGE 1 Me هدې‎ ከሪ UR 2. 9.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 ዘ - MINO CENTRAL f 1 ده.‎ 108 We 
0-0 0-0 0.0 0.0 0.0 0.0 0.0 | - GEOTMERHRL HOR 1 
0.0 0-0 0-0 0-0 0.0 0.0 0.0 J - PHOTOVOLTAIC 015ፆ. " D a CUMULATIVE GRAPH 
346.0 422.4 496.2 562.4 651.9 704.1 751.2 ወወ TOTAL سسوم‎ ፡ RENEWABLE ENERGY T - 
in 
CUMULATIVE GRAPH - 
: ١ 800 
3 PHOTOVOLTAIC ۰ 7 < 
: SOLAR THERMAL ELC ] i - 
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: 1 ~ X 700 
P ` | e 
3 ውጡ 4 
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: 1 3000 p GAS (INCL. . ۱ 600 
Es 
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ብ < E 
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< d ~ 
3 : | 
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ed ۹ E 
: : 400 
3 ~ 2000 — 
E < á 
3 - : 
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2 ፡ : 7 
> ጣ E 2 
一 1 š 1 
7 I ۱ 200 = 
: ግ : ዘርዐ STEAM 
E E 4 PL 
š 1 . 100 = 
2 4 2 BCO STEAM 
1 . COAL ANO COKE ክክ) ብ 
3 4 1 
4 ! : OIL STEAM " መጨ 
2 HCO IN SITU GASIF i, aas مەد د‎ ۳ ۲ š P ሥ a" ao^ ገበ ገበይ" ከበይ" “ር; 
9 + 7 Y Y ۲ ሻ 5 VW بي‎ V WV ۰ ۴ T ሻ wv V 5 1 i 199€ 2000 2005 
Ë 1980 1985 1990 1996 2000 2005 | 
YCLE 2010 201$ 0 
ሽ سم مه‎ *GAPEBMETURACE -* = 
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-68- =69፦ 
— SINGLE SCENARIO FOR ۷ RUN  TSPINN SCENARIO: P$-1/LIM NUC OATEs 11/11/79 : SINGLE SCENARIO FOR SPAIN RUM TSP4LF SCENARIO: 5ፆ-4/1(60፪ LIM FOS) ORTE: 9 
alis ۱ i 
66 | ۱ SINE 056)ሀ09970 POR erat - راا سس۳م — ىم‎ gates 11/11/78 TABLE 8: ELECTRICITY PRODUCTION (PJ/YR) f TABLE 2: PRIMARY ENERGY BY FUEL (PJ/YR) 
SINGLE SCENARIO FOR SPAIN ۱ E 1980 
TABLE ፆ $ ) ۰ ۰ ۱ ° . . 
21 PRIMARY ENERGY JY FUEL (PJ/YR) | 1880 1865 1990 1995 2000 2005 2010 2018 2020 Line عم‎ 99.0 $8.8 39.7 26.6 30.5 16.6 18.5 5.0 6.7 1- OIL STEAM : 1966.4 1756.4 1876.1 1993.6 1927.4 1948.4 1879.1 1879.0 1738.7 ı- OIL 
۳۹ 4 | 0.0 0.0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 - FOSSIL GAS rune ine | 384.0 426.0 366.0 381.5 429.0 1487.0 485.0  $13.0 641.0 2- MARO CORL 
۱ e i ° ° 
2010 - 2015 ۰ 2020 LINE CODE 1990 — 1995. 2000 2005- 2020 LINE CODE 148.4 485.3. 643.5 — 813.8 971.7 1141.4 1232.2 1317.3 COAL ANO COKE 23 ^e eS » 4 9.9 2 » "T" ee 13174 178.0 — 178.0 — 106.3 — 196.6 204.1 129.1 — 138.4 — 147.6 3 - BROWN COM 
42.5 50.8 $7.3 $2.7 46.0 37.7 34.4 28.9 6.4 4 - BCO ۷ 120.3 190.3 76.2 0.0 0.0 0.0 0.0 
1969.0 1880.5 1614.5 1631.7 1669.4 1637.6 1550.0 1459.1 1811-8 LIQUID FUELS | : : 0.0 0.0 5 - 088 
.5 1868.3 1661.7 1849.4 ۱ | 49.1 67.1 85.5 90.0 80.1 114.9 134.0 231.2 333.9 5 - ዘርዐ 5,26ዞ 141-4 813.2. 1607.8 1939.4 2722.8 3096.8 3960.7 
0.0 0.0 3.6 1 - OIL STEAN 34.0 - 5727. ን 1578.0 - OIL 110.2 190.7 184.7 202.5 297.0 392.7 428.6 GAS (INCL. MYOROGEN) | | | -7 4014.7 4696.5 6 - NUCLEAR 
1 . 99.5 1028.5 1276.8 | 0.0 0.0 0.0 20.4 43.1 65.9 88.5 111.۱1 113-3 6 - HCO COMBINED CYCLE 326.0 - 334.9 - 333.6. 373.9. 326.8. 368.1 337 
0-0 0.0 0.0 2 - FOSSIL GAS TURBINE 111.4 170.0 176.0 186.3 196 3338.1 - MARO CORL 320.8 464.0 $25.6 605.7 654.2 698.5 749.3 ELECTRICITY | 0.0 0.0 0.0 0-0 0 0-0 0-0 0.0 ` HCO ጸዘዐ ۱ 259 .5 3679.8 4 . .6 486.1 $53.0 6 - RENEWABLES 
0.0 0-0 0.0 3 - FOSSIL COGENERATION | 120.3 180.3 178.1. 185.8 139.0 (62፡7 8 - sm COM I2 P 7 037 zz 3 و يی‎ ል | 0-0 0.6 0.0 0.0 0.0 0.0 0.0 9-0 0.0 8 - ዘርዐ FLUIDIZED BED ና... 1004.4 5602.6 0084. 6791.5 7031.2 7878.8 sassa T O T ñ L «ሠ. 
3.6 11-0 0.0 4 - BCO 0 124.5 - 404. 607.0 748.8 983.9 142.3 - GAS | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 DISTRICT MEAT q I I2 ۹ 0 بک چک‎ ጨስ 2d روند ين‎ MIS بش‎ 
60.1 41.5 7.4 5 - ዘርዐ STEAM 326.0 و6‎ 3 578.1 - NUCLEAR 0.0 17.4 31.4 45.4 51.6 51.6 51.6 7 - RENEWABLE ENERGY d 4 1 y , à CUMULATIVE GRAPH 
0-0 0.0 0.0 6 - NCO ር08618፳0 CYCLE 3055.2 2 ብ. 022 s 474.5 6 - RENEWABLES 2193.9 2789.1 3084.6 3524.5 3743.3 3973.3 sanan TOTAL suasa 0.0 0.0 0.0 9-0 0.0 0.0 0.0 9.0 9» ۵ - v... 5000 
i ۴ i - ዘርዐ CONS .2 3846.5 3974.7 4397.0 4830.3 Eb yyyy: 41.3. 134.3. 201.4 267.46 316-5 320.3 314.5 269.3 191.8 8 - (ህበ 1 
0.0 0.0 0.0 7 - ዘርዐ 0 اك د‎ ፍው 0-0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ር - HIR 1 
+ 9.0 0.0 8 - ዘርዐ FLUIDIZED 80 CUMULATIVE ርጽበዎዘ ۱ CUMULATIVE GRAPH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O - ۶ : 
6.2 12.3 10.5 8 - HCO IN SITU 7۴ | 5009 114.1 116.9 115-7 128-8 131.8. 136.9 138.4 146.6 148.7 E - CONV. HYOROELECTRIC I 
0.0 0.0 0.0 A - GAS FUEL CELL 7 ۱ < 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.4 ያ - SOLAR THERMAL ELC “ NENE REL E S 
389.2 347.4 314.3 8 - LI ١ 00 0.0 0.0 -0.2 -2-6 -0.9 0.0 -1.0 -1-0 0 - PUMPED STORAGE : 
96.0 — 148.0 215.6 C - MIR : - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ዘ - MINO CENTRAL 7000 < 
59.9 93.1 137.4 0 - 86 1 ~ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 - GEOTHERMAL HOR I 
e ሚጢ "2 ; Š ^ - - ዝ”ዝ ] ۱ 0.0 0.0 0.0 0.0 0.0 0.0 2.9 7.8 13.6 J - PHOTOVOLTAIC 015ፆ. ፦ « 
d ° :0 - SCLAR THERMAL > ~ 346.0 427.9 499.6 5655.7 651.6 703.6 749.7 803.5 854.4 assas TOTAL ۵ 2 ۱ 
-1.1 0.0 -0.3 0 - PUMPED STORAGE ፡ ١ = 7 
0.0 0.0 0.0 ዘ - MINO CENTRAL - i . 4 
0.0 0.0 0.0 1 - GEOTHERMAL MOR | 1 . RENEWABLE ENERGY CUMULATIVE GRAPH 1 
0.0 4.9 10.7 3 - PHOTOVOLTAIC 018. | - ጠ ምሽ 
751.3 804.6 866.4 ssese TOTAL sanas ~ i I 
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SCENARIO: SP-4/1100% LIM FOS) 0ጸ1ር፥ 16/11/ SINGLE SCENARIO FOR spain RUN TSP4LF 


RUN TISP4LF 
TABLE 6۰ ELECTRICITY PROOUCTION (P J/ YR) 


2020 LINE 6005 1988 1990 1996 


| -.COML ANO COKE 
። 336.2 300.2 448.3 2 - LIQUIO FUELS 
74.) 1083.8 4 um و‎ - OAS የበር 
217.6 : 4 - ELEC 
99.۱ 887.8 710-6 673-8 061.1 5 - PROCESS ۲ 
438. سه‎ 0-0 0.0 0.0 6 - DISTRICT HEAT 
٧ 0.0 0.0 0.0 0.0 7 - RENEWABLE ENERGY 
9 3.9 5.8 20.7 85.9 om TOTAL 


2487.4 2766.1 ۰1 3209.3 3617.7 


SINGLE SCENARIO FOR SPAIN 
TROLE 41 FINAL ENERGY BY FUEL (PJ/YR) 


1980 1166 1990 1996 


IA በውን 
1636.0 ° 
128.7. 122.1 114.7 


de 

© © © د © © 
. 

© © © © © 


. 
© © © د 


5 . 
نه‎ © © © ሠ 
Bl . 


هه N‏ 
ن ه ea‏ 
و © © © © © 
d‏ 


* 
° 9 

© © © © 
. c 
9 o 
ወጋሪ 
© o 

© © ده © ها ب 


Sooo 


1 ۳ ۳ 


ሐይ. 
2 


CUNILATIVE GRAPH 





-፦። 
me 
ወጋጋጋሖ © و‎ 
. 
© © © © © © 
e o 
© © © ده‎ © 
26 
. 9 
په‎ © © 


+ © مه ی ه ه 


° e 
E 
> 
هاه‎ o 
© 60 هھ -~ ۸ه‎ © 
= 
3 





M 
^ © © © مه‎ 
ኤን 
a 
«2 


.=5 
6 ۵ 6 ه ده 


CUMULATIVE GRAPH 


—— — 


man 
- 
شت‎ 
. 

A 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
38.5 
0.0 
968.0 
298 6 
172.9 
148.7 
07.4 
-2.6 
25.7 
0.0 
21.4 
1716.6 








همم مه همم له 


ELECTRICITY 


¡III 








ها ههه ووو وولو وودد وف د ف د ففففه 


L19U10 FUELS 


422222424] 

















SCENARIO: $P-4/1(00x LIN F08) DATE: 15/11/79 


LINE CODE 
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SINGLE SCENARIO FOR SPAIN RUN 
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TSPRP4 SCENRRIO: RP-4 
TABLE 2: PRIMARY ENERGY BY FUEL (ፆኃ/ሃጽ) 


GATE: 11711779 


1 
985 1 990 1995 2000 2005 2010 2015 2020 LINE coor 
ue "Rd የዜ oy» 1667.5 1$84 .7 1569.4 1551.8 
. ۰ ۰ 1394.3 165915 1856.1 1931. 
T 176.0 186.3 196 .6 204.1 105.6 113.2 120 ; 
E 174.7 110.5 40.9 0.0 0.0 0.0 0-0 
m m1 a ۳۰ 4 1457.5 1577.5 1695.2 1929.8 
۰ ۰ . 484.0 $17.8 553.5 ۰ 
3543.0 3974.3 4385.5 4853.0 5207.4  $477.1 $787.4 6508.) 
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SINGLE SCENARIO FOR SPAIN RUN TSPRPS 
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SCENARIO: RP-4 


TABLE 4: FINAL ENERGY BY FUEL ۰۱ 
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SPAIN RUN TSPRPA SCENARIO: RP-4 08۲۶ ې‎ 9 2.3 Comparison of all scenarios 
TABLE 8: ELECTRICITY PRODUCTION ۰۱ 
۳ . 

1986 — 1990 - 1995 2000 2005 2010 2015 202 LINE cone NOTE : For clarity of the graphs, only scenarios 
54.3 34.3 43... 24.5 6.8 0.0 0.0 0.0 1 - OIL STEAM SP-1/1.0 and SP-4/1.0 are plotted 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 - FOSSIL GRS TURBINE š 
0-0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3 - FOSSIL COGENERATION 

$0.8 57.3. 52.9 690.9. 35.1 32.7 18.4 0.0 4 - OCO STEAN 

67-1 865.5. 90-0 80.8 70.3 61.0 42.5 9.8 5 - HCO STEAN 
0.0 0.0 0.0 0-0 0.0 0.0 0.0 0.0 6 - HCO COMBINED CYCLE 
0.0 0-0 0.0 0-0 0.0 0.0- 0.0 0.0 7? - HCO NNO 
0.0 0.0 0.0 0-0 0.0 0.0 0.0 0.0 8 - HCO FLUIDIZED BED 
0.0 0-0 0.0 0-0 0.0 9.6 19.3 19.3 8 - mcd IN SITU GASIF 
0-0 0-0 0.0 0-0 0.0 0.0 17.0 19.8 ጸ - GAS FUEL CELL 

134.3 201 .4 224.1 304.8 304.8 277.0 202.4 135.3 8 - LNR 
0-0 0-0 9.3 28.1 77.9 114.5 171.9 256.8 ር - MIR 
0.0 0.0 4-4 20-0 46.6 79.8 119.7 168.0 0 - ۶ 

116.9 115.7 128.7 131.7 138.8. 138.0. 146.1. 147.6 E - 209۷ . 6 
0.0 0.0 2.5 5.0 11.3 23.5 42.9 68.1 F - SOLAR THERMAL ELC 
0.0 0.0  -0.1 -0.6 -1.1 -2.2 -1.4 -1.6 0 - PUMPED STORAGE 
0.0 3.2 6.4 9.6 16.0 22.5 25.7 25.7 ዘ - MINO CENTRAL 
0-0 0-0 0.0 0-0 0.0 0.0 0.0 0-0 1 - GEOTHERMAL MOR 
0.0 0.8 2.3 4.3 7.8 11.3 15.5 21.4 3 - PHOTOVOLTAIC DISP. 

423.4 — 490.2 564.3 657.1 710.31 768.1 820.0 070.3 smua TOTAL sasas 
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መዊ | TABLE 41 EXPENOITURE OM OIL IMPORT | 
| SCEMARIO COMPARISON REPORT F IN OATEs 18/11/79 
-76- OR SPA 08۲۶ ۰ 9 SCENARIO COMPARISON REPORT FOR SPAIN w. ኞች w- فض‎ | sisa 
TABLE ې2‎ 7 HNOL TABLE — 3: EXPENDITURE OM FUEL ۰۱ 
በል ጠጠ مغد‎ ጠኔ diii bs Mond 2: INVESTMENT IN TECHNOLOGY (89/YR) ۱ 4484.0 4727.9 5262.4 6843.0 7803.6 02 
2005 E 1990 1996 2000 2006 2010 2016 2020 LINE CODE 4494.0 $248.1 6320.7 8400.4 9767.2 10672.3 
TABLE 1: TOTAL SYSTEM COST 1 ıs — — — 2000 Lı We CODE 4484.0 4656.1 4996.6 8181.8 7079.9 7888.9 
i 4.2 4.1 7.4 6 8.0 9.8 1 - نوم - 2 21882.3 203351.8 د ووو 17237.5 6186.0 8278.6 0003.0 :وم‎ ዐዜ ር | 4484.0 4437.0 4912.3 6180.7 7073.3 2 
° . - . ^ . - 4 ° ° ን B E H ^ - 
19865 ۰ 1990 ۰ 1995 ۰ 2000 2008 2010. 2015 à 2020 LINE CODE 4.2 4.1 7.5 7.6 7.8 9.8 2 - PS-1 OIL C 7977.8 12533.3 14481.) 16358.6- 18034.1- 21801.0 5 - 88-0۵۱ ን Es Ww un ገን uw 
ل0/6. 36-119۱ - 3 10.0 7.9 2.7 7.5 4.2 4.2 ۱ -وم‎ 7094.8 12837.1 14487.0 16383.4 19013.1 21628.3 4 - SP-1 : . : : : 
20.7 29.5 32.2 37.2 40.2 i ኻ 4.5 4.1 ?.5 7.7 7.9 10.3 4 - SP-1 12680.5 14446.8 16246-5 ۱96.9 1 6 - ۳-4 4484.0 4437.0 6299.4 7117-0 6249.3 9742.1 
22.8 57 uu" ፳፪ p TIAM I F 18 موم - 6 تو 17 یو‎ 7926.2 12283.፥ 14200-6- 16001.1 18686.5- 21234.8 6 - SP-4(91.0/GJ) 4484.0 4697.6 8224.3 6861.4 7733.4 04 
20.9 ጠየ FF N97 J pe 4.2 4.3 7.7 7.8 MA me .: ዳዋ | 7849.6 13468۰7 15066.1 17388-5- 19336.8 19497.) 7? - SP-4/1(LIM FOS 605) 4484.0 4727.9 5262.4 6843.0 7907.5 8760.5 
20.8 29.5 ' po ወ و‎ — 6-0 4.8 8.55 8.7 š 9. =. سپ‎ 12679.9 14207.5 16016.8 18738.7 21407.2 8 - 80-4 4484.0 4727.9 5268.6 6717.8 7915.2 8602.9 
20.1 29.2 40.3 8 - هوم‎ 4.3 i ; ١ I2 22 2:3 S v. سه‎ {3200.2 154908.) 17383.9 206864 23749. 9 - PS-1 Com ር | 
20.9 29-2 40.8 6 - SP-4(91.0/GJ) ይል PE ۳ ۰ 25527 ۵ — و‎ - RP-4 13287.9 15849.5 10424.5 22292.8 26387. A - PS-1 LIM NUC - " 
24.7 37.7 48.0 49.5 ገ - 8ይ-4/1((.18 FOS 805) t ۳ 7.4 7.6 7.9 9.6 9 - PS-1 COM ር ۱ ۱ 
21.0 29.7 58..ፁ. 41.4. 8 - RP-4 . : 7.0 7.3 9.2 በ - P$-1 LIM NUC 
20-9 50.0 42.0 8 - PS-1 COM C 
20.8 30.1 44.7 A = P$-1 LIN MUE 
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۱5/7 ۱ 
2010 2015 2020 LINE CODE 
8828.7 10264.1 11724.6 1 ~ PS-1 
11300.1 11436.9 11740.6 2 - ፆ58-1 GIL ር 
8383.3 9698.1 1 3 - SP-1(%91.0/GJ) 
8363-5 9636.3 11016.6 4 - 3P-1 
9068.4 10762.7 12088.7 6 ~ P$-4 
7734.9 8877.5 10133.2 6 - SP-4181.0/GJ) 
107289۰6 12362.56 8 7 - SP-4/11LIM FOS 605) 
9318.8 11166.! 13165.6 9 - PS-1 COAL ር 
8997۰6 10207.4 11771.8 በ - 5-1١ LIN NUC 
1 - 1 
43 - 3SP-1(91 .0/04 ) 
/ 
/ 
6 - 3P-41 81 .0/04 1 
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9: NET OIL IMPORT ۰ 
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1666.8 
1664.2 
1662.6 
1618.5 
1689.9 
1927.4 
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1847.6 
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1646.2 
1512.7 
1468.2 
1463.0 
1588 .2 
1364 .6 
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1676.8 


1660.6 
1631 ,1 
1482.3 
1633.2 
1347.1 
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1569.4 
1694.4 
1548.9 
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TABLE 10: MET GAS IMPORT (PJ/YR) 
1965 1980 1995 
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995 


596.4 
614.9 
626.7 
626.0 
$09 .3 
710.4 

0.0 
$19 .3 
$16.4 
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Lit MET COAL IMPORT ۰۱ 


2008 


962.5 
1037.6 
1136.3 
1138.4 

937.5 
1304.4 

0.0 

937.3 

878.7 


1292.7 
1379.1 
1632 .2 
1621.7 
1223.2 
1699.6 

0.0 
1206.5 
1087.1 
1668.8 
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ORTE: 16/11/78 -83- 
SCENARIO COMPARISON REPORT FOR ۷ 
2020 LINE 6 121 NET URANIUM IMPORT (ዘ0/፣፳) 
—83 “ብት oiL ር 1980 1995 2005 2010 2015 2020 
1694.0 3 - 5۳-۱ ۵۱ 063.8 923.9 911.6 1963-1 893.9 0.0 
1674.0 4 - 5ፆ-1 1 863.9 1100.9 890.7 1946.4 900.4 0.0 
1311.4 6 - PS-4 ; 853.8 1128.0 829.5 1945.7 1081.8 0.0 
1861.0 6 - 3P-4(91.0/GJ | 1069.7 1138.0 919.8 2233.9 1366.8 0.0 
100.0 ገ - SP-4/1ILIM FOS 805) 853.8 872.2 649.3 1677.4 684.0 0.0 
1300-5 8 - RP-4. 653.5 1081-! 706.4 1624.3 860.7 0.0 
Ee vue 2163.3 4230.8 5834.5 9218.7 5887.7 0.0 
2795.1 በ - PS-1 LIN NUC ፪ 863.8 729.5 308.1 944 .3 439.1 0.0 
863.8 823.9 967.1 2034.2 1348.8 0-0 
853.5 633.0 0.0 891-9 601.3 0.0 
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TAGLE 34: PRIMARY ENERGY CONSUMPTION ۱ 
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13: PRIMARY ENERGY CONTRIBUTION OF SOLID FUELS (PJ/YI 


2338833333 
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577.8 
1177.1 
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1969.7 
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2006 


1689.6 
1660.1 
1673.8 
1670.6 
1682.8 
1480.0 
1948.4 
1667.5 
1760.1 
1700.6 


2010 


1646.2 
1$12.7 
1468 2 
1463.0 
1638.2 
1364.6 
1879.1 
1664.7 
1632.0 
1676.8 


1650.6 
[۱ .1 
1471.6 
1462.3 
1633.2 
1347.1 
1679.0 
1689.4 
1694.4 
1648.9 


141 PRIMARY ENERGY. CONTRIBUTION OF LIQUID ۱ 
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1671.7 
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1738.7 
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TABLE 15: PRIMARY ENERGY CONTRIBUTION OF GAS (PJ/YR) 
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| REPORT ven 07018 OATEs 18/11/79 TABLE 17: PRIMARY ENERGY CONTRIBUTION Of RENEWABLES (PJ/YR) 
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